The synthesis of low-valent tungsten (0 and II) complexes bearing chiral bidentate phosphino-oxazoline or bisoxazoline ligands is described. The structures of four of the complexes have been determined by single crystal X-ray analyses. Tungsten ( 
Introduction
Over the last years, enantioselective Pd-catalyzed allylic substitution has developed into an efficient, versatile method for asymmetric synthe sis [1] , Very high enantiomeric excesses can now be obtained with several types of substrates [2] [3] [4] [5] [6] . Nevertheless, some major problems still remain to be solved, among them the regioselectivity of nucleophilic attack in unsymmetrical allyl systems. M onosubstituted substrates 1, e.g., react with sta bilized carbanions preferentially at the unsubsti tuted allyl terminus, affording mainly the achiral products 3 (eq. (1)). Trost et al. [7] have found a possible solution for this regioselectivity problem, using tungsten instead of palladium catalysts. With achiral tungsten complexes, the racemic products 2 (R = aryl) were formed with high regioselectivity. However, chiral tungsten complexes functioning as enantioselective catalysts for allylic substitu tions have not been described so far.
The promising results obtained with chiral bis oxazoline and phosphino-oxazoline ligands of type 4 [3, 8] and 5 [4-6] in Pd-catalyzed enantioselec tive allylic substitution prom pted us to prepare low-valent tungsten complexes with these ligands in order to evaluate their potential as enantio selective catalysts. Here we report the synthesis and structures of a series of chiral W(0) and W (II) carbonyl complexes derived from ligands 4, 5, and 6. 
Experimental
All manipulations were perform ed on a vacuum line (argon) using standard Schlenk techniques or in a glove-box (nitrogen). Solvents for reactions were freshly distilled before use (THF and E tzO from Na/benzophenone, hexane from Na, CH 3CN 0932-0776/95/0300-0361 $06.00 © 1995 Verlag der Zeitschrift für Naturforschung. All rights reserved. from C aH 2, CH 2C12 from P20 5). degassed (freezethaw cycles) and argon-saturated. NMR: Varian Gemini 300 or VXR 400; 'H and 13C: < 3 values in ppm from TMS; 31P: (3 in ppm, referenced to ( P h 0 )3P = 0 (-1 8 .0 ppm). IR: Perkin-Elm er 1600 FT, samples were prepared as KBr discs or as solu tions (C H 3CN, CHC13, hexane), v in cm -1. MS: Varian MAT 212, FAB matrix: 3-nitrobenzyl alcohol (NBA), data reported as m /z (% ). O pti cal rotations: Perkin-Elmer 141 polarim eter (estim ated accuracy ± 5 % ). Flash column chro matography: Chemie Uetikon C560 silica gel (3 5 -7 0 //m). 
Materials

Preparation o f complexes 7, 8 and 9
The following procedure is typical: [W (CO)3(C H 3CN)3] (400 mg, 1.02 mmol) was sus pended in TH F (25 ml) and treated with C3H 5C1 (116 mg, 1.5 mmol). A fter heating to 60 °C until CO evolution ceased (35 min), the mixture was cooled, then the volatiles removed in vacuo to afford a dark-brown oil. Fresh THF (25 ml) and 5 (392 mg, 1.05 mmol) was added; heating to 60 °C (1 h) afforded a red-orange solution. The solution was cooled, then the solvent evaporated to afford a red-brown oil which was applied to silica gel (42 g, 2 cm column) and eluted first with CH2C12 (200 ml) to separate small quantities of 10, and then with EtO A c (100 ml). Evaporation of the EtO A c fraction afforded a red-black oil, which was dissolved in C H 2C12 (5 ml) and covered with a layer of hexane (25 ml). Storage at -1 4 °C for 10 days afforded 7 CH2C12 as dark-orange-red crystals (410 mg); a further crop of 56 mg was ob tained by repeating the process with the evapo rated m other liquor, total yield 466 mg (60%).
Complex 
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C 51.88 H4.10 N 1.73%, Found C 51.63 H 4.12 N 1.70%.
Preparation o f complexes 10 and 11
[W (CO)6] (129 mg, 0.37 mmol), 5 (145 mg, 0.39 mmol) and E tzO (8 ml) were mixed in a borosilicate test tube (15x1.5 cm) to form a colourless sus pension. U nder a static argon atm osphere and with stirring, the tube was irradiated (366 nm, ca. 10 cm from a tic visualization lamp, 40 W). The suspension rapidly dissolved resulting in a bright yellow solution and, after 6 h, the solvent was re moved under a stream of argon to afford a yellow oily residue that was applied to silica gel (2x18 cm). The column was eluted with hexane/ EtO A c (9:1) and a single orange fraction col lected. Evaporation afforded a red oil that was triturated with boiling hexane to afford 10 as a yellow microcrystalline solid (134 mg, 55%). 
Results and Discussion
Synthesis W(II)-allyl complexes 7, 8 and 9 were prepared in good to m oderate yield (7: 60%, 8: 77%, 9: 47%) by a modification of the method of Faller et al. [13] that involves sequential addition of the corresponding allyl halide to a suspension of [W (CO)3(CH 3CN)3] in TH F and then adding ca. 1 equivalent of ligand 5 or 6. Purification was achieved by chrom atography on silica gel and then crystallization or precipitation. Complexes 7 and 8 were air-stable as solids and moderately stable in solution, complex 9 slowly decomposed on storage in air. 
Structure and reactivity
X-ray analysis of complexes 7 and 9 ( Fig. 1 and  2 [15] ) and comparison of the 'H COSY and 13C NMR spectra of 7, 8 and 9 confirmed the proposed W(II)(allyl) structures. Complexes 7 and 9 are single diastereoisomers in the solid state and the structures can be described as pseudo-octahedral if the allyl ligand is considered as a single vertex. In both complexes, the nitrogen atom of the oxazoline ring is located trans to the allyl ligand with the phosphine group trans to CO and allyl cis to the halide. The structures are of similar geometry to complexes of the type [M (CO)2(PP)(C3H 5)X] (M = Mo, W; X = Cl, Br, I; PP = diphosphine) which have been described by Faller et al. [13] .
In CDC13 solution at ambient tem perature, !H and 13C NM R signals corresponding to the allyl systems are broad in all three complexes. Despite broad 31P NM R signals (o>1/2 ~ 120-280 Hz) the *H and 13C NM R signals of the phosphino-oxazoline ligand (5 or 6) are well resolved (slight broad ening in complex 8). On cooling complex 7 in CDC13, broadening reached a maximum at 0 °C. Below 0 °C, two species became apparent al though they were not fully resolved at -6 0 °C (ca. 5:1 ratio at -6 0 °C). The major species is assumed to be that relating to the solid state structure; the 'H NM R signals of the allyl and phosphino-oxazoline ligand were broad but could be assigned by correlation with the 'H COSY spectrum at 25 °C.
The *H NMR spectrum of complex 8 at 25 °C was similar in resolution to that of complex 7 at -6 0 °C. On cooling, the spectra became increas ingly resolved and at -6 0 °C a m inor isomer was also visible (ca. 10:1 ratio). At this tem perature, the allyl system of the major isomer ceased to be fluxional at the NMR time scale as evidenced by well resolved signals corresponding to allylic and ortho/m eta-aryl protons in the phenylallyl unit.
Treatment of complex 8 with excess N aC H (C 0 2M e)2 (8 equivalent) in THF at 60 °C resulted in complete reaction within 2 h (tic). However, after aqueous work-up the only organic compound detectable (*H NM R) was ligand 5. The reaction of complexes 7 and 8 with N a C H (C 0 2M e)2 was m onitored by ]H and 31P NM R spectroscopy in [D8]THF, which revealed that the reaction results in complete displacement of ligand 5 and precipitation of NaCl (or NaBr, respectively) with no detectable allylic alkylation product. The use of a "harder" nucleophile did re sult in allylic alkylation; hence, treatm ent of com plex 8 with n-BuLi (1 equivalent, -7 8 °C to 25 °C) followed by aqueous work-up resulted in a ca. 50% conversion of 8 to a mixture of 1-phenyl-lheptene and 3-phenyl-l-heptene (ca. 1:1, 'H NMR). Ligand displacement with a "soft" nucleo-phile has also been reported by Brisdon and Griffin [16] for the reaction of [M o(CO)2(bpy)(C3H 5)X] (bpy = 2,2'-bipyridine; X = e.g. Cl) with sodium acetylacetonate, however, Trost and Hung [7 a] describe the formation of C3H 5-C H ( C 0 2M e)2 in 65% yield by reaction of N a C H (C 0 2M e)2 with [W (CO)2(dppe)(C3H 5)Br] (dppe = bis-diphenylphosphinoethane) in the presence of one equivalent dppe. W(0) tetracarbonyl complexes 10 and 11 are fairly inert towards mild oxidants (e.g. CHC13, C3H 5C1) or substitution of the carbonyl groups by donor solvents (e.g. C H 3CN, THF) [17] . Both 10 and 11 display similar IR vc o bands in CHC13 or hexane solutions. In the solid state structure of complex 11 ( Fig. 3 [15] ), the bisoxazoline ligand adopts a distorted, non-symmetric conformation, while the 'H and 13C NM R spectra of 11 in CDC13 are consistent with a (presumably time-averaged) C2-symmetric structure.
The W(0) tricarbonyl complex 12 crystallized as a single diastereoisomer, in which the readily dis sociable CH 3CN ligand and the isopropyl group of Fig. 3 . Crystal structure of complex 11 [15] . Ball & stick representation, arbitrary atomic radii. (5)2] where one of the two phosphino-oxazoline ligands acts as a m onodentate phosphine ligand -the 23 Hz P -P coupling being consistent with a m utu ally cis orientation of the two phosphorus nuclei. With [W (CO)3(C H 3CN )3] the reaction was slower but still generated identical m ajor species -to gether with tetracarbonyl complex 10 as a minor side product in variable yield. In both procedures, additional m inor species were observed but struc tures could not readily be assigned.
Tricarbonyl complex 12 functions as a highly enantioselective catalyst for the allylic substitution of aryl-propenyl phosphates 13 with N a C H (C 0 2M e)2 (eq. (2)) [18] . The regioselectivity is opposite to that of Pd phosphino-oxazoline catalysts which afford, almost exclusively, the achiral product 15 [19] . Significantly, the more stable W(0) tetracarbonyl complexes 10 and 11 were not active as catalysts. 
